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1 fclP«ttTflMJ3 fcOW»c, *5KttT«Mi* (2 0 
0) K«ifeWfc:ElRl?-«*SiE^mSJi2 3!)<JBjsKSft, # 

^i4T±t!js 3 tmnm 4 co^-rn^-^*fc«M^*^ 

i!4(Dil7?(p]OfS^^H c c i:S£[6]<D«$*>H c r i: 
©i±H cc/Hcrtfl <J: "3 < StlTl^So 
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IBfflTFSMWs b c c»ift*lrU 
IMttt«Rfc*«lttTi(MifcOIIBlc, IBWrFiW* 
(2 0 0) Kff^fcEffl2««EfflMHItfJBJ£<* 

n, 

ttW6»ttjV¥S3Erlftlc«v^lSJMIIiei** U io 
«ttJB©«#lRj©««#H c c k&£lft©««WlH c r 
tOJtHcc/Hcrtf N l «fc <SftTl/*SCk 
*W«k**«a«£»»f*o 

SJKttMtf, h c p«Jfi*WU 0) fcllft 

WfcEGi Ltfc o , cn6«e»MK:S»«tttta'*^ 
f& Rlftg k * nt 1/ > 5 c k k t S 8f$£ l tmvM 

faK:«^fcigjiWii*#'r*c i^#^ii-r^i«*Ji i 20 
k*«rfkk-rs»i#JB i ~ 3<09^^w i «ie*o 

BtftOEMKtt. 

# k ^ & * s *««jg^r 2 ott_tfrr -s C k 
k-r siisRa i ~ 5 ©3 ^-fnfr i JSEftoflftMES 

i ~ 6 (D v i mmommmmfoo 

CW*JR8] ^IfflRtt^ Ru, Cr ( I r , Rh> 
Mo, Cu, Co, Re, VCO^ ^'>-5:< k t 1 ffl^r± 

js#k-r«tt»a*s&*fc©-e«3ck*«F»k-rsMi « 

[|§*^9] ElSjiigjffct, Cr, V, Nb, M 
o, W, T a<05"5 1 aSfcf±2ati±^P>^St©T' 

fe^ck^ititk-r^w^Ji i ~8flD3-6v^-rn*^ 1 m 
im&mioi mfim&mt* c r*±j*#k-rs 

&&frZ>%2>t><DT-3o% ££*<&&£•? SsiTOi 1-8 

[lit** l l ] EfiHBJia, T a £#ty^&Xi T 
a (XiliBe, Co, Cr, Fe, Nb, Ni, V. so 



Zn, Zr03?iaSfttt2lMJ:) ^fiKii'kfS 

**tr * c k * w« k * sawan i~8©^s ^fn* 1 

[g»*Kl2] ElollllgJltf, Nb?:tCJ^XaN 
b (XatiBe, Co, Cr, Fe, Ni, Ta, V, 
Zn, Z r<E>-5^ l«$fcfct2*W±) 

k^rWak-r^lSsRJl l -8©? ^-Tttfr 

i mBM<DM%Mmm{*o 

im&m i 3] saiRitiejf t±, coTafftaco 

Nb^M^ttStOTfet), T a 3: fete: Nb<D#* 
«tf 3 0~7 5 a t t) s ~3 F d 3 mfiifiicfcU: 

7€^7 r X«Jt*WT S c k*#jH!k-r -Stt^S l ~ 

HMOS 1 4 ] EfaW&JiW:, CrTaSftliCr 
Nb^ifiSttfk-rSfccDT-fcO, Ta*fcttNb<0**r 
Itfl5~75at %T-Si.Ck?rittllik-rSW*311 

~ 8 <d 7 % ^rtifr i mmmvmmmmfco 

im&m 1 5] mfaM&BH. N i T a $ 7i«N i 
N b^^fig^-k-r-SttOT-fet), T a S/itiN b<D-g-W 
M#3 0-7 5 a t %-V&*)s *OF d 3m«3SSfc« 

1 6 ] mmmmmit, f d 3 m «jg^w^ 

nftftgl 7] KlSjtlSJlfi, C 1 5«3g^r*f § 

iNatt*«3!r»5a:*t.«>-e««ck*«p»k"rs»*s 
1 6sasc<oa^MsB^«f*c 

1 1 7 (Do -6 i/^tifr 1 qOBMoatMEilMtf^ 
[»*«19] E(p]ttlP]±@«, B 2«5fi*fc«T 
^^rxfilji^wrsW^&^StO^feSiik^ 

^® k -t % mm. 1 8 nmvmim&mtoo 

CIS** 2 0] E[Sltt[Rl±ii«, N i A 1 , F e A 
1, CoAl, CoZr, CoCrZr, feitfC o C 

r c©9-fev^-rn^*±j«»k-r5t.o-e*sck*«f 

c»**2i] eiRiinuitt, mm.vt>nT^% 
c k^msk-rsw^E 1 -2 0 (D? ^^-rn*> 1 

CM3RJH2 2] »l4»«k, ^<0±tcffM*nfc 
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mf&.m<omi3^<oms.ii\\ c c tm5^\<Dumtsu c r 

£(DitH c c/H c rt\ 1 <fc t>±# < ^tlTt^i. C i: 

*ie>fiBfflSi*\ h c pflil^U 1 0) IC® 

^nItgh^nTv^§^:i:^!ttmi:■r^fS*Jl2 2iat£ 

fifaicm^tc&FmffimzG-tz c t t?% m&m 
2 2 $fc« 2 3mm.(ommmmWo 

im®rFwst>\ b c cmmz&L, 

t^T^"?. fro^ttTi&B* (2 0 0) tcfSftlWc 

attiioii^rRi^BS^H c c t&ftmmsmtm c r 

^€tfcHcc/Hcr^ 1 <fct)*:#< £*lT(/>&Ci: 

ftSSSttBI^ h c p«ii^L, fro (1 1 0) tc® 
ffM^£2nT^3c£^tfct-£lit5fcig2 5ie« 

a t %W±#tyct£^Mi:-f3!«*g|i ~2 6<D5^ 

THHBiiOMfc, ^«1tT«MB* (2 0 0) fcfcSfcWfc: 
ElRl**SC[6l»!iE«*^fi!i*nfc«*8S«Si(**®illl 

c t ic x <o im&Ti&m t mam™ /t « 



mmzrn? c t t r z g»*« 2 s $ * « 2 9 e« 

~ 3 0 cd 3 s^rn* 1 mmm<Dmmimm&<omm.i5 
10 ci»^js3 2] mfammm*&m?zici&u mm 

20 attTHSUi^ b c c«ifi*#U *attSSi:#NKtt 

Tmmtvmic tm&Ttmz (200) fcflBfcWfc: 
Eifij?*«eiRi«swj!)^jasnfe«*iBatat**«ifi 

ttTiftJI^ b c cHig^Wbs #K1t81fii:^fiSttT 
±ti!«i:tOP^lc. IBKttT*** (2 0 0) fciS^WtcE 
l«I?^SE[p]pfiPA^fi?E!t?n, #NKttT«!JBi:Ktt» 

ctSSlSlOfiMAHc r tOltHc c/Hc rtf s 1 

So 

nP)«ttK*^ h c piifi?:SU (l 1 0) *cflj 

njm t ? ^ a t &n m t r s 3 5 seiis 
50 [itis3 7] Kfawmmtfis sttaisfttt^s 
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3 5 ztziz 3 6im<DMm.mmnt£3£mo 

[0 0 0 1] 

mm • ^mmm nam ^ & n * sitf^ x * if fc 

SfcCT'&Sc 

[0 0 0 2] 10 

[0 0 0 3] £C3T\ j£^T«\ &MMf2i§«f*ffl©S 30 
ItU, T;l^^AI?fr£&3£JlS«tctt;LT, 

^e>tiT*T^3„ #&MHEtt. ®Ktfi£v>fci6'\-y 

#^Xg«&ifcD#£Mg«{± % T^X^iraXfcffirf 
©2« L < , «tt»©«StJ12f i: & 0 SMS 6 

rwis^iK < & 0 v ^ i: ^ 3 rasA^ 3 0 c © £ a&, 

^X, Hz7 = -y*X£if*>e,£3#£JB»l£±fC, r" 

TV So Mx(f|fFI¥5-l 9 7 9 4 1 ^fHfcfcfc, # 
£JI»£«®fc, T^^x^^iDX^^^EMHKTfeS 

»«fr*«<ji-r«tcu: x x/<'y*«B!a:if<ojsa»sBrt 
■^tax^fifiu ^:^T-Ba«g^tcajAbT%JS^ 

[0 0 0 4] so 



[fgH£jb*8?9HL«fc5 £T3SS] LfrL&tfEN ±E7 

irax^rfig-r C i: ic <fc t> T«teJi<D»SlJi;i5rte*Sf * -5 C 
iA^fStOiD^ 8!HBfloaffiC!IiaK«J:t>T«#oas 

WtttfSWfc U ffifBftmsfbWI b < * SBUB*^ o 

c <attftSB£«Kft«33f<:Hifi-*-3 C t 
Soffits* tfSB* SSKttJIMSSffBttftifoailRW 

[0 0 0 5] 

b c cmmtt^L. im&mw.tim&Ttmtvrs 

tc, IHKttTiftJB* (2 0 0) icflBfcWKEfSlS-esga 

skmmzmi^ m.wa<omi3fo<D&mj]H c c t&ftfa 

Ogl^Hc rt©ltHcc/Hc rtf> 1J;'3*:#< 
cnsattffllAV h c pil^SU A^o (1 

i o) fcflBfetoteBBiRiLTfcij, cneattitiHitgss 
W5 B e H &3b^M73 [ri <at ^ fcis a«ifi**f -r 3 46 , m 

&m<DMftfo<D&MJ3H c c tm?jft<D{%mt)H c r t 
OttHcc/HcrS, 1 &r>jz%<?Z£ttfT'2 
3 0 ±Se#ls!ttc«tn^ »tt«f«:*5i/^TJB^iRi©«»a 

^OS/Nltaif©«««Ftt<D|Sl±*ia5CfcA^# 

M*Ht±/h^<^o/-cm^?#6n3 0 CcDfclb, 
y -T X"^ #8¥8!&cMfBg*&f3:-r C i: *^ < , JKttffi? 

^3»^7xU«jg«rW-r3«fi!ci:t-3<l £#T-£3 0 
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c ©«ffl«©Gi«*i 

MH£t*V1fi1ff*L\i\ tpmmii. Ru, Cr, I r , 
Rh, Mo, Cu, Co, Re, V©3 £ 1 

i: * 6 * § t cd f 5 ©AW g L 

v\= EASHMttt be c «jfi©IN»ttTH6S* (2 0 
0) tC{g5feS*J»cE|Ri?-a-5tgfig, t^b^Cr, V, N 
b, Mo, W, Ta©3% lfS*fc«2««±*^a* 
«fi«i:-rsci:*^tSo EfttHSJlW:, beefffil© 
IHKttTttJi* (2 0 0) fcflBfcWKEiq]£-es«j& 

t>«tv 0 EftPK/iti, b c c «jg©^figttT*M£: 
(2 0 0) K«5feWKElRl*'*4«ric, rtb^Ta^ 
#ty^XiTa (XitiBe, Co, Cr, Fe, N 
b, Ni, V, Zn, Zr03%ll$fctt2i«±) 

Mtt5tOf£^TfeJ:l\ IHlpJl^SSfci:, bec 
*ii<D#«f£Tift»* (2 0 0) »c«5feWfciaiRl5** 
«fi)c, -f&fr^Nb X 2 Nb (XiiiBe, C 

o, Cr, Fe, Ni, Ta, V, Z n, ZrO^l 

fttt7^I/7rXii*ff5tO?ftr3Tt.J:^. BE 
fRlMfi«tt, b c c «i§©#fi£1±TiftJl£: (2 0 0) fc 
«5fcWfc:ElRl3-eS«J& nWCoTaJfcliCo 
Nb£±fiE#i:-f TaSftttNbOtS 
i* , 3 0~7 5a t %T*&9, A^F d 3m«5t*fc« 

r^i/^rx^it^ts^fiRir-rscifcjb^^-So BE 

b c c «ifi©#^aeT*»* (2 0 0) 
flBteWKElRlS-e*#Mc, -r^tj^C r T agfctiC r 

fitfl 5-7 5 a t %-?&3«/j)ci:-f ^Ciltf-C^So 

emum!** b c cmm<mm&Tt&m* (2 o o) 

fc«5feWteiE(Rl*-a:*«fi!ts f frfrtSN i TaSftttN 
i N b*±J5!M*i:-rafc©T?**K T a gfcfcfcN b©# 
Sitf30~7 5at%T'$t), frOF d 3m|#jgg;fc 

ElnJiSiEJfU:, b c c «i§©2NESttTit&S£ (2 0 0) 
K«$fcttfc:Efil2-&*«J& F d 3 mff i§#W 

3"3#&14£«fr6&3&©^3c«>#T-t§ 0 Eft 
■MENU* b c c «jfi©lf«14T«Mi* (2 0 0) 
5feWfcffilRl*-BrS«fiR x f&to^C 1 5«i6**rr«# 
fl&14&Jlfr6£3 i £>©i:-f ■SufctfT'tSo *fgH^T' 
fix #«14S*£El$!H!8»£©fl{|fc:* ElfcttlftLkJl** 
^figSnTi/^^lfigttSCt^T'tSo Efp]ftfR}±« 



f±, N i A I , F e A 1 , CoAl, CoZr, CoC 
rZr, 43«fctfC o C r C©3^?^nfr££fi£#t^ 

cooo6] *3zw<Dmmmmmi., immm&t, 
%<r>±.im&i£ftrzwm%> & vmmmit£*mi&t 

tt*wsr«EfawSE«jWBf»s*u 

10 TaficDiSSat^Hc ctgSWfilAHc r £:©itH c 
h c pfpfjg^U fro (110) KfiBfclfttcEftLT 

titam&Ti&m, mmmi3£ifummitm*mf$.t 

Jltf, b c c«M#U IMST^/ltSM©^ 
(2 0 0) te«ftWfcEft£-e3cfc#T*SJ:3fc:2: 

n, mi&mvmftfaiD&WitiH c c fcg*i«j<o««*H 

crtOttHcc/Hcr^ UWt<?nTI/^ 
JUST'S C£*n?£.5. BJttJlli, j«&©fig1±§i**r 

u cneiW^ h c paunewu *o(n 

30 0) £{g$fc8tjfcElpJLT*5»3, cti&«ffiKBBK:g3i« 

[0 0 0 7] *«Woa»3B««M*©«ifi*S»i. 

ifi**ru ^JK'l4S«i:^fKttT«!gi:©M^, 
Tifc«£ (2 0 0) KfcJfcWKRlRlStfSEfiMfflitf 

*hmu c©k, i«itfi[?«iia<o«!f5f»iS'N©aie« 
Li«^TAW-r 3 j: 3 KfiRiaft^o^isi^aas-r s c ^ 

jg*^«jm$-y-TMf>J-»ffitc^»^-&5c:i:tci»3EiRi 
c©|», ajMtt?MM«!)ttf>r*iS^o 
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B0R * tta* tr x / < v ^ iffx i " * c 4: «t o 

[0 0 0 8] *?gift0tt»ES«tt<D«ii&BI*, #Bt w 

TiftB^r (2 0 0) K«5fe«HCElqlS-&*E(RlS8SE»^ 
SS. #i!14T«Ms Bite*© 3 5** < fcti/^n** 

[0009] *awoa«8a»s^St«t±. mmmrn 
mtu ftm&Ttmi)\ bcciMsu im&& 

i: #WteT«Mi ©HK:* «1TS41* (2 0 0) 
tcffitamcEfaS^SEfaPSBtfflMSti, #«ttT so 

©«»WjH c c tm^(0mti3H c r £<DfcbH c c/ 

Her i j:»>**<sftTV'>sc 

ihsb«, «»©«ttffli**ru cn5«ftK*v he 

p*il5**rU A'O (1 1 0) KflTcBtycElSjLT*. 
[0010] 40 

M?tifct<!)f«§„ Hi (a) ti, *imBt&<D 

(b) «, c0ltt&E»fttt0l0rS&0^£!tt?SH^ 
(T EM) ¥M(Cffi^^T^bfcgg|5ffi^:ll|-e-feSo 
[0 0 1 l]*KttfflSiiUll, T/US^frA, 7 
;l/3 = «JrA*&»Offefl|»ft3!p6ft*A«aMS*fflV''T so 



10 

fe<fc<^U *7X, t7 5'^, v/'jay, S/U3>jb 
^-F*7X, 7;l/57i>"jy-h^7X?:ffifflTt 

Ctl^CQStStD^ffitC^-y^S^iftCt^N i P 

J6t#«ttl1Si:if^ ?HBtt&£ 1 <DSt®lc(±ir^X 

(±. 0 . 0 1 ~ 2 n m (»$ L<(i0. 05—1. 5n 
m) fc-rSOAWjiTfeSo 

[0 0 12] ElPlIIfiJl 2 Ci, jg±fc3j*2*l3#«te 
T%« 3 oe«ElRl1t*»A, S 6fc«:*-<0±fc:}Bj*S 
tiSHSttJl 4 €>tSAEft't£«»fiE U f&tM 4 OfiSMS 
73l4£ft±£^5fc&©fccD-e&3 <) EIrJOTSJ12&c 

Cr, V, Nb, Mo. W, TaO^lllfcti 
2att±4ffl^50*ijff$U\ CtUC<fcoT, bee 
«ifi©#lMBtrFilWi 3 * (2 0 0) {c^5feB*»c@H(pI^-a: 
Scims, ElRliBSB2<D^4:bT«, Cr^ 

*5) ^ffll/^CttfS, f^CCrXo (Xote 
V. Nb. Mo. Ta, W<93 % 1 «*fcti 2«JW±) 
^Mffll/^<Otf!(f$LV\ CtttCfcoT, beel 
ifiOlBKttTifiB 3 % (2 0 0) JC«5feW»cElRlS-fr« 

1 a t %W±, 5 0 a t %5feffifr-g.cOAWS L 
V„ X 0 cD#;ff*£±fE§SB4:-f SC-hfc^oT, 
ttTUfiJi 3 fcitffigttH 4 ©tt»K|q|tt*i««>««S2i 

[0 0 1 3] EfttB^/i 2 T a£#ty£-£Xi T a 
(XitiBe, Co, Cr, Fe, Nb, NK V, Z 
n, Z r 1 2«J-X±) %±fiSc»i: fr 

feoTt,J:V\ CtltC^oT, b c c «3g^»ltTitfi 
135: (2 0 0) izmftWlcWifaZitZCttfX'ZZo 
E[S]PSB2li, Nb**tJ^X2Nb (XiliBe, 
Co, Cr, Fe, Ni, Ta, V, Zn, ZrO^ 
HSftB2lW±) ?:±fig«-i:L, frOFd3mlI 
$ tt T^E 7 X^ifi^rfif-r § t <D T 'fe o T J: V > 0 

cntctoT,. b c c ffimotmfe-Ft&m 3 * (20 

0) (c{gftWcEft£-<±3Ci;tf-e££>o El^M&«2 
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•3, T aSftaNbffltSltf3 0 — 7 5 a t 

iittSCi:*'?**. CtltioT, bccffjgcD 
IMTtf!l3 5: (2 0 0) fc<I5fcl^c|Efa£-£3Ci: 
#T*#3o ElRjMSEJl 2 f4, CrTaSftliCrNb* 
i*»fct5tOT*!5, TaSftttNbOtfii'l 
5~7 5 a t %T*3bZ>m$.£1rZ>>Lt feT?t?S 0 CtUC 
ioT, b c c «JfiO^«ttTflMi 3 * (2 0 0) (cjl 
5feWlcEias«*C4:*<-p**a Eia«BW2l4» N i io 
TaSftttN I Nb*M»it*tOT*5, Tal 
felt N b O^ffMA^ 3 0 ~ 7 5 a t %T*& 1) , fro F d 

Ht't«a ctifcioT, b c c mmvim&Tim 

3£ (2 0 0) fcft$fcWfcElRj£-£SCfcjbVt**.5 0 £ 
fnJPSJB 2 frCtl^b CoTa, CoNb, CrTa> C 
rNb, NiTa, N i Nb^M^^tSt^T'^^ 
Hdfcfcl^Ts Ta$fc{iNb<D#*^^±fSfSHi:-r 

3:fcEl°]W!iJl2t4, T a g:fc«N b£3 0 a t 

feT'ffSo CtltaoT, b c c *jfiO*8tttT«Ui 3 
* (2 0 0) fc«ftWfcEiaj£-&SCi:*<T#3 ( , 

[0014] mfammm 2 it. f d 3 m#tifi <&mm 

(Space Group) Rid) ^St^lflttil 
^B^StOit-rSCfctT^-So CtUcioT, be 
c«tiiO^SBEttTiM3^ (2 0 0) fc«5tWKEiei* 
^CfctfTt«„ F d 3m^ii^Wr5^fiBE14^St so 
LT(±, ±jS(DC r Xo^^Cd^C rNbl (70 
C r 3 0 N b & if) , CrTa^ (65Cr35Ta% 
if) , C rT il (64 C r 3 6T i &if) fCC 1 5 
S3e (Skrukturbercht Symbol^ 
IB) ^AWS7$5. F d 3m«jg^Wr§^Si: L 
Tt4, il t>\ CoTalS (65Co35Ta5 
if) , CoNblS (70Co30Nb#if) , WHf| 

(6 6W3 4H f ) , A 1 YJ& (6 7 A 1 3 3 Y& if) 
iOC 1 5«jg^A^« 0 IftCoTaS (JttRWC 
o#I|**)VJn£ Blfctf 5 0Co50Ta& 40 

if) , FeNbi (5 0 F e 5 0 N b&if) m<D&&% 
ffl^CttT'tS. F d 3m#!ji#*rf 

atiS) £*to Ci:tC 4 oT^O*S B B B «f3g (Fd3mi 

ig) %B*fet><o^»*L^o EAiimu2u. mm 
tan 3 , m\m 4 *<D®nhfiL*nmit-t imaummft 

[0 0 15] EftflSJB2(C(4, SjRS^ttSSR«l a 



«WB 3 ©IS**, «fc»JlEl*fc (2 0 0) iS 
[0016101 (b) icyjkt 45tc, Er$HiS«2 

a, ftttfltssiiffi 2 a # , ^ssttsis i icmm^m 2 b 

tcWLT¥S^tC«^«a B B B «jfi^^-r^^figi;^§ 
<DftW«F8:LV\, -rftt>«fttt«ISiRS[2 a 
a 1 (Mitl82 Mc*ff 3, gtf!R&iltt2 a*fi*[Rl<D 
«#) W0° 9 0° *g|i:*5ct 3 K-f£<Dtf 

!ffSU\ a«tRf5Att2 aOtif&ft&a H±, 10- 
7 5° (#*L<tt 1 5-7 5° , £5fcJ?*L<f4 2 
0-7 5° , ?P.tC{lf$L< (±2 5-5 5° ) 

i:*w^Lv>„ mmn&a 1 #±ekh*m-p&£JI-£- 
ica. mt&Tim3. «ffiB4©*sflEfate*<s<fcL 

v\, mmnma m, 10° w±» 3 0° *iiSi;&3ffi 

fc-TSCt^fJSo Ift6 5" 9 0° nmt 

fcSffifc-TSCfcfc-p**. gfc£ftfll8Jl2fci:, Stt 
flt£ifttt2 a ©«*tf*j&mfr&ttH«fc:M*T»4rfc: 

SrttffiSi:LTJ:i/VbV fftc, attaweffitt 2 a *<jaar 
lft , c«kA,H«v^Ti#'»ftH(lrt*«JaF* Lv\ 
[0 0 17] E(R(IlSS2£OJS${i2~ 1 0 0 nmtt 

[0 0 18] idlpJiiitS 2 (DfggHPiSjfflS R a C4, 0. 
4nm«T(»$l<l40. 2nmfi(T) ttSOiW 

[0 0 19] ^fiS14T«6g 3 14, {£3K£ttn©T«Ml# 
»fCr, V, Ta<05?l«fiU:, SfcttCtl 

*>P.^:5t»Oi:-r-5c:i:A^#-5o Sfrt'fe^t, Cr 
$fc«:C (fi?iJx.{±*C rW^> C r Mo&, C r V 

&) ^rffl^^fOAWjiTfeSo ^^CtDW^-i: LTt±, 
Ni 50A1 (Ni-50at%Al) f©B2^ 

t4¥««iii:UTfcJ:^U 2 iSK±CB^ liii 

14, 1 — 1 0 0 nm, »$b< 142 — 5 0 nmttSO 

[0 0 2 0] gflKttTlffiM 3 fi, b c ctgjg^lfU 
offi^jffif (*«14T«6S 3 ©«tEte*Jtt«3£EWfc*S& 
B5) *^ (2 0 0) tStlTfet), cnfc<fct>T«ttJB4 
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C0021] *$mBm<Dmm.mmfoT*\,±. mm&T 
mm 3 tmam 4 wftifr-** tt&misw. a«« 

fc«^fcttiwiifi*#"r*. -r*to*attflwe«tt3 a 

£D«£4& g a 2 (£ut« 3 b tc*f t § , ftKflttii JM& 3 
aW»|RlO«*) #0° ^Ix, 9 0° *jj$i:&S«fc3 
tc o T S „ ttttWISSte 3 a OfflWft 8a2lt 1 
0-7 5° (#i:L<«: 1 5-7 5° , £P>fC$?3:L< 
ti 2 0 — 7 5° , ^?.tC»$L<l±2 5 — 5 5° ) 

2i±, 10* W±, 3 0° iCttfiT* 
t5o Sft6 5" 9 0° ^t&Sffii:? - 

fc t t? * § 0 im&Tt&m 3 sk«b as 3 a 

ACft 3 a tffl^rrtlfCfS i: ^H«^TV*4v*|J*tf#S L 
[0 0 2 2] m&m 4 filTK^f <fc 3 

ttiiiiiBr=saiitt»$*<»a*nTv^*«ijfi, r&fr-s 

KBtttttiteiltifi (V*ft5AF C (Anti Ferro magnet 
ic Coup ling) mm.) C©Ittl4(t ^lffll 

ft!4a (±JHM) i:, IS2SStt^4b (TBfJJ) t. 

cn^©sc/)-st5tfHi4 c h*mtz> a m 1 *J<fc 

tfjg 2 fitfttflj 4 a , 4 bfctt, m?Ll£C r, Pt, T 
a, B, TK A g, Cu, Al, An, W, Nb, Z 
r, V, Ni, F e*J«fctFMo©-5'5 lffltU:*, Co 

m&mWmt LT«, CoPt^S, CoCrP tS, C 
oCrPtTaS, CoCrPtBl CoCrPtB 
Ta^, CoCrPtTaCuS, CoCrPtTaZ 
r CoCrPtTa W^, CoCrPtCul, C 
oCrPtZrl, CoCrPtBCul, CoCrP 
tBZrS, CoN i Tai, CoNiTaCrl, C 
oCrTa^M^flJIT'tS. Ag, T 

U Ru, C«S©#BKte&», CO^Bttt&HOft^- 

1%, ijfk^ (s i 02, s 1 0, a 1 2 03?§o , mtvn 

(S i 3N4, A IN, TiN, B Nf) , yvitW) (C 

aFf), Hftft (t i cu) *^o^«ite«*f«:a 

[0 0 2 3] ^ 1 *5 J: & 2 SStt/iS 4 a , 4 b <DP2 



#&5o CtDfctb, S814B&4 a©Jp2?« 1 ~4 0 nm 

(»JL<li5~30nm) tt" S©tf$?iiST& t> , S£ 
'ltd 4 b <DJS£ « 1 - 2 0 n m L <ti 1 - 1 0 n 

m) i:**©tfj6Fatt»a&S„ Sl«ftBl4a©««* 
ti, 2 0 0 0 (0 e) £l± «f?g: L< ti3 0 0 0 (0 

e) a±) t-rso^»iiT**o cofisa^ft^Eie 

H*8iT?S S i: , c ©)8'l±§i 4 a <DWM h SWtttf'hS 

4 a <Z>««W3tt, Kt2fKfflR4 b cDfSfi&^i: 9 < 
10 SSSf c©»^, £l«tt«4 att, 

CCD^, f&ttJ»4:£ft GKM!etl!lgf*) <Ofii«WjU:±« 

[0 0 2 4] HlfcJrtffg 2ffi8tt§t4 a, 4 b fi, fp^ 

14 c*^Lfcsai«ffiis^fcj:oT, m^-^yh 

2«ttl!4a, 4b&±, hcp«ii*#U A^Offi[S]® 

*■« ( i i o) tjnt^s, 

20 [0 0 2 5] cprcflflg 4 c fc{±, Ru, Cr, I r , R 
h. Mo, Cu, Co, Re, Vco3 -5'>4 < t 1 M 

fC, R u^rfflV^cDAWSLl/^ ^Pb!M 4 c R u 
V^iS-g-tCti, ffP^M4 c<D®$^:0. 6— 1 n m ($? 
^b<«0. 7-0. 9nm) t-tZOtftij- lt'$§„ 

jHASti^fctt, 2 0«l4a, 4 b F^CDS^i^lt 

5o ^/itpPB3)^4 cfc, C r ^fctiC r 
so ^C«, ZcDmZlZ. 2-3 nm (W*L<«2. 2- 
2. 8nm) i:f §<D*W jgT?SS 0 CCDJp^^±IBffi 

J^ttM 4a, 4b BB(DS3S«1tlS^*^+«' t4oti 

[0 0 2 6] 0 3{c^-TJ:9tc, 4 «, fe«ffifce 

C fc^-T«ttJi 4 (|g 1 fi&ttil 4 a , fpPalBS 4c,S2 
^14BS4 b) t±, &ttttt$Att4 d, 4 e, 4 f A^, # 
1 tc^Jl^lS4 gtcStLTStS 1 O^g^lftK 

40 «i/^*ss«igj&wrs. -rftt»-6tt«i8MiSSfi[4 d, 

4e, 4 f <Dmm&a 3 (fiK*S4 g left? 5, tttt 
K 5 B &4 d, 4e, 4 f$ft*|olO<li#) tfO' 

9 0° *«t^i.J:^fc4oTV>?.o ttKflUeUtt 
4d, 4e, 4 f OfSHftgo 3«, 10-7 5° (&? 
^L<til 5 — 75° , ?P.tC»^b<«2 0-7 5 
° , * £tc&?3;L<«:2 5-5 5° ) T'SSCtAWS 

so SttffltcR£r*©tt«Ll/\, fflftf&flEct 3tt, 10° 
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&L±. 3 0° jimtti&mt.'t&ctwez&o Sfc6 
5° 9 0° mM£-&z>mt?2>£t$>-z%2> 0 
ssttB 4 &Rffl«gA& 4 d , 4e, 4f # ¥&#iri 

e, 4 f OP3ra^lRl<D«#ttffiSc^LTJ:V^ f#K, 
&tf«ttj|&4 d, 4e, 4 f jWS#iSlfc:«J:A,£«^ 

[0027] {^mm5(DMntLxii, fay****!©*,© 

ft«WLTJ:<, Kfk'>U3>, Sfb 

(OmZtt. 2 — 1 0 nmf?2><Dtftffgl,\,\ 
[0 0 2 8] jfflj#Ji6W:> /^7)WD^'JI-T)H 

"So 

[0 0 2 9] ±IH«fiScOfiKMte^<«f*tt, ttttff4<Dfl 
^(pJ<0«K^H c c fcg#|fa<0««*jH c r tOttU c 

c/Hcr7b\ 1 <fc»3A (&?£ L<{± 1 . 1«±> ^5 
tcjtft b<l± 1 . 2«±) t?nt^5, COttHcc 

B#tt*^eu mm^^mm. X7-1/-F, y^x 
[0030] &»c, ±E««iaa«Eft*Hifi-r*»#* 

«CD— *fig}^ffi^-rt)£OT*fe§ 0 CCKjjcTX/Sy* 
?'J>^— y«y h2 2£, co^7^u>w-y 

■y h 2 2 <p6tta«nfcj«fflia[?o*iRi*)£ii)S^iftgs 30 

?3Hf2 9&iX^<y ^**X^^r^^>/^2 8rt^j»A 
-r*»A«B-P*0^ ^3 01if-+>^2 8rtOXA 

[0 0 3 1] X/^y^'J>^^-y-y h 2 2 H\ ffM"T 

2 2A^»tH?nfc^ai! B 5?co3'5, BWfc-rs^w 

§. IIfi2 3«, X/?7?'J h 2 2tcJt 

LSJSSRtK, X/W#U>?**-y>y h2 2tc*fLT 

^<ofJi^fcv^gf?nt^5o SKffi2 3t±, 

©WS8 2 3 a tfX/Vy £ ij ytf^—tf^ y. 2 2 ©IMS 2 

2. 5YVf (63. 5 mm) O^IKttlfil so 



3©Jp;*te l . 5~5 mm (»$L 
<(i2~4mm) fctSOWSU^o i!H2 3t 

ttU (flRfcfX^VU-X, T^S^^A^) 

[0 0 3 2] fSHS^ililP 2 4©F<9gti, iW^n/c 
JSMfi^ft^pattSS 1 ©3tffi 1 a OKlfiJPSM^JSM 

j§? 1 bKttmrzmaimxLWftmsM 1 £W-r* 

AftftSea*' 5 1 0 — 7 5° i:45J:3fc^f SOAW 
coA^Sata, #«ttg*ifc:*Jl,fiie 

$L</\, fi&Rfcf, ft® 2. 5-T>^ (6 3. 5mm) © 
lf«ttSffi 1 fiSt^S^aiSP 2 4 CD 

TOi2 0mmttT OfSKttl 5mm«Ts S&K: 

L<(i7mm«T) ttSOWJ L^. 
[0 0 3 3] C0^7^gS2 1 ^ffiVTiEftMBIi 

AU MS 2 3©X>^-y*»; ^"^-y -y h 2 2ffJHc 

©Rg, i^itsffi i «x/w * >; -y/z-f v v 2 2 , 

[0 0 3 4] Z;l/rf>4if£DX/^y ^^'X^ra» 

AS8S2 9#iiLT?-^>/S2 8rtfc*A-r-Si:i:t 
tc, X^-y * U Z/9Z->fv b2 2 ic^MLs f&mn? 

^x/^y^micxKimm^^^o cobs, *><«y*y> 

?jfttH®Rf? 2 5, 2 5 6 Sfcffl S nfcHgaifii?C0 5 ^ , 
M«2 3 4>*gPtClRj*^/ctc0li, figKfe?aiaP2 

4*iiiau *ft«tt©fc©tt3fcKI62 3*«:»sn*. 

[0 0 3 5] ia4fcj:t) : ia5tc^-rj;3tc, jE£R«[?ii 
ilP2 4*ffl»Lfcfi!t«ffi : Ftt, ^-y>yh2 20tf^ 
gl5A>P,V J fiSin/c{4gcDfi)tM^Kt±5@3r2 5^&tttii 

?n, mmmz 3fp^<o^.mn^mma2 4^aiiL 

t, CD T* S fca<) (0 4 , fig^^? flit 2 6 CD 

SffiSffi 1 a -\cDSi5^ 2 7 ti, {5{r^Sai±S« 1 CDS 
l5fa\z.'fer)*>?>tlZZ, (H5*#Ba) o ccDfc46, fig^ 
tt^ttSSi 1 cDJSl^(6]tct£i-(c«ffi 1 a »cM»-r*„ a 
MSffi^ti, A^fiaAWSKlil 0-7 5° fcft* 
^•ytc, a cD^ttcDElpJIiSgfl? 

fignSiSl btcft«-r^ 0 CcDAWftfiati, 15-7 5 
° (if$L<li2 0~7 5° > S5t:fi ! $L<tt2 5~ 
5 5° ) i:t«OA«?6lCjfi-e»4. CCASftfta 
A'i±ieii5ia*^-c'-fe§l«a-ti:«> ^«14T«!!Ji3, 

ass-r-§.cD«s6L^„ ^tcmmnmait, 1 o° w±, 

3 0° %;ffi£.%:Zmt-1rZCbtf-?%Z>a $/c6 5° ^ 



17 



(10) 



W ffl 2002-260207 

18 



[0036] xmnmaziimmmicmfe-rzcticx 
•pt, 01 (b) tc^-rj^tc mfammm 2 it. ai* 
mm&m 2 a i^ttsts 1 icss^^ 2 b tc*t lt 

[0037] E(RiiiK«2tci±, Mimmztcttmim 

t LTtt> gEiSit^l/nvog^tfxfcffi^SCfctf-? 
tS. gig%^tyx/W £#Xi: LXlt, SUtiiTrt/rf 

Sfc«S^<D#W*fi, l~5 0vo l%ttS<lJ:tf 

[0 0 3 8] Src^fgBjmi, eittflHM2*)gj£Lft: 

[0039] mitim£mz*m*w&t$m#x&it&m 

<fc3tc, X^'^SI2 1 rttts^tlS 1 ±fcBHfRjiS 
8i2«MLftft, ^^2 8^ mAm$&29 

%mLTmm^#x£tcitmm^tfx*mx?z>j; 
ijx^o^mm^tcitmm^mii.. 1 ~ 1 0 0 v o 1 % 

-So 0dA&f, 1 O - 4 ~ 1 0- 6 P aOKSJSfcftU 1 0 

0 . 1 ~ 3 0 mm? c t ic «t o t , mfecDMi tvm * 

fr3Ci:#T£5J;3{;:3:3 0 c©S{fciag£fcttSMt 

[0040] 4*iwfcifla*fci4afbMa*ff3fctt, 

[0 0 4 1] |RKttT«*3*, 



'^812 1 «rffli^T3f«1tT«Mi3«rJgfi!t-r4«ii:3&« 
?-£3„ ■tftfe-fe, KiRHHfie2*»Bg-r**&i:ll« 
(C, fiitillfi^^X^-y^U^y^-y-y h2 2^6S5ctB 

^■a-TMf>f»BtcM#^^ com. i&m^m.m2 6 
comtmm^cDt&§m 2 7 1 (omftfaicns 

s^-r § c t ic x o T$m&Tmm 3 *»jar * eta* 

[0 0 4 2] «tt»4*. ttttflMSII«[^g^lSlK« 
10 l^fctt£«it*W*S«j£i:-r X/W£g 
©2 1 £ffl^TffittJf 4£0j£-r-5c:£*<T$£o ?% 

t>%, mfammm2*Bf$.'?zm'&£mmc. 

h2 zfrzwm-z&T&tfm 
miamz^ eel, d«tt?ihii2 6<D&w§m^ 
<D&&ffi 2 7 mz&m& 1 <omj5faicwt\,\ *^is 1 

» L«f4f S J: 3 *c fiHWK^O^iRifcR^-r S c i: te 

[0 0 4 3] ^«ttT«6»3*}gfi!frSB!ls StiffiS* 
2 tomWTVA&f 3 #Kte~FifcJB 3 (infuse 
20 lRl14*Wrst(Di:«:5. 3HK14TJttJl 3 fcj\ beef 
IStU frogEft® (IP«ttTJtMi3k:*5»«3tgBW 

ttteJiGftiB) a* (200) £t^ 0 msfe-rvamzti 1 
«tife»iiEiRitt**r-r« t©fcfts»*» *<d±izb 

£l*5<fctfSS2IK14Sl4 a, 4bli, h c pil^S 
U froKftffi CflSttJS4fCfc^-55E6*I^SBB(Rl 

I) *' (1 1 0) il&So 

[0 0 4 4] SfcffiSJ»5t±. T'vXvCVDiS, X/S 
•y £S&iftc<fc D Jgjft-r 3 c tj^T * 5 c if JB 
30 fijac« N ^— 7;Wa*iJi- ^/b^0O7-y^fgf*S 

[0 0 4 5] *&ffiflgj£<Dffift!S8ftKttfci:. #«ttTi 
it, «g«a»a»14SK (Ku) *ig465di:3b<TtS 

40 [0046] $rc, mws4K.^rs^omssM^ 

<U H±liitKD#Mm*fa±Z-&%££tfT*ZZ a fl£ 
If^m^^^^tirSClt^T'^So CCDtctb. SNR 

» if o / -f X ! Npttco(Ri±3()'ipr H ? i: ft So 

[0047] -gzici^ mnm4t\ miis^ximzm 
ami a, 4b*#u znz<Dfflic&.%imim-&m} 
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co o 4 8] -mc 2-D(QMVkmm<D£timm£&<D 

T5„ ccDtctb, m^mic^mm^myS. (afc#§ 

t®mcfcim&m€?imM&T u mm e, ?mm^-t 
fttftio^t^o cntcML, **figjg«i<o{&MEti« 
#"ptt» mam 4 <o«aa^rit*(6i±s-&s c h*<T-^ 

T-^x5 L -vi!)PX(Daisiaatcj:i3(43p E gM4 c(djp 
[0049] *^fiS0^oiK»seeii*tt, irat 

ttXC 1 fc#WteTilMi 3 fcOMtc, EftHSEJB 2 
fig^n, C OSSfolP^* 2 tf, 2 a 

*Glfcffi^fcttJM*iS*#-r 3#§fi£ 4: f -5 c i: K «fc o 
T, #«ttT«Mi 3 fe«t tffllttJi 4 OtSAEl«lltt«KD± 

a6£>n3fc46, *SS«5(Cg#tt}£S (Ku) *,si6£C 

[0 0 5 0] *fc, EftHBA2<D$SWfH£«ffi&3 
CtmSCtfr^ Mt(*0*ffi¥i^ffiS R a */JnS 

[0 0 5 1] S^atttT«UI3nofiliJltt«flRtllKI: 

[0 0 5 2] iEftPBB 2 £\ F d 3 m«j6**rrs# 
3, «te»4tefttt«ISftefttt*liU±S-£, SKfeJl4 

[0 0 5 3] £fc±£*6fiJB!K©»it;5i£W\ X/<v* 
m£tt%2lt& £tlc£9 im&Tt&M 3 £fiK14Ji 4 co 

tut 2 6 2 7 1 ©g*iRiu:}ft so 
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^Xl#14&£coffi«m££ft±£tf3£<b£K, 
[0 0 5 4] *fc±K*MBB«fi©»ift#i£M\ x^7? 

ssicoaffii aiatm^^^c ticj:K>m^mmm2 

1 ^cos^ss 2 7 ii^^fiai4S€ 1 <DW5mzm 
t\ *^^«ttsifi 1 t*t us^TA*hrs <t a fcfigflB 
Si^o^riRi^sje-rscfcfcioTx «i±jb 4 tc sits 
««R*tt**«)*c 4: £(Dtctb, mm^z 

^X^tt&£cofiBM^14*ft±£tf.5 

[0 0 5 5] SfcT^x^SnxfcfT? ci:a<»M4Ji 
4©tt»S£te*|ft±£*5Cfc#T?*«&fcic\ t^X 
^-^iraxcoSffiiHiiDjfc J: ttJflttoaafffl**^* < ^S 

4:*^^S 0 *fc©jg{c^L-r^X^-viinXA^Sfc^ 

[0 0 5 6] $fcElRlSISE«2 0*B5*Kft«iaSfctt 

(2 0 0) tU ^14g4cOffiMS7j14^?P.(ciS46. 
HSie^!«f*c0^jS?.^Tif'i4. x^-U-K y-fXIt 

[0 0 5 7] $fc±aB8lii^tei»tt, ffil6lllSS2*E 
T\ SB[piiSS*2^8(cffM^-i.c4:^-e#5 0 

[0058] ztcMimmzrcitmmmtt. mmztc 

t, mitztcimmvmtz: 1 ocoxsr-ff 3 c t^r- 
SBatisojBBSft^Riiiifc&So for, mtfcg 

So 

[0059] ztcmimmzrcimimmtt, m%mm 
t#«teg« 1 xtcse^iis* 2^ffMb/c^ t#e>n 

fc^f*SffiM 1 ±(c£l^nSS 2 *}gfig L 

<> ?lt^^dcOX^«y ?8I2 1 rtKt5i/->TlE(5liaB 
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[0 0 6 0] £fc±S2X^>y*gffi2 1 ti* fi)cflg*4?<A 

t% im-\±mm 1 tcwrs^^tDAW^ini^. iebs 

O'fiKttJl 4 ©^ B B B Eft14*ft_h2-fc>-, SSttH 4 tcfctta 
[0 0 61] ^RfftQfiKacgEfiHKttfcl:, *«14Tft6«4: 

stt ntts a& wrnm Ltfeo, fls*jw*s effitt$Mft&« 

g2*^-r§flBt^cieaii«**fi»JSLfc*v *«i»oi« 
ib»«»«. cntuBis-f, mfommm 2 m£&%mm 

©«»e»*E#TU\ sg 1 mmn 4 a , ^mibi 4 c , fg 

e , 4 f tm® Lfcm^tLfz -h\ a e pi c 20 

■f, SlK14^4 a. «4 c, Sg2figffl3i4 b<0? 

tilg 1 StttJK 4 a 43«fctffg 2 fiS14§l 4b)^ ttAffitf 

[0 0 6 2] Eftllf^lSrT'^/U^r 
X^jgcON i P3-& (7t;l/77XN i P£-&) A^& 

01 (a) lC7ji?m&(Dt><D%m7F;-e%Z> 0 C(D0^rfiJ so 

ffi LT*mn<Dw.mmm&<r)m 2 

1 P^*^4SfeOt?tl, fCN 50 
~9 0 a t %t"f SOA^^H^o 7W7XN i P 

p^*^4§x^7?'jy^-y7 h 2 2 tigM 

2 3^t5X^7^gl2 1 

<« 1 0~7 5' t^S«fc3tC^fiSttStgl <Da® 1 a 40 
[0 0 6 3] SifaM&m2%Bm.?ZlC®iLTlZ, ±$ 

c c tiSfiOfili^H c r £coi±H cc/Hcrft 
Ut3^<^5 (!ff$L<5tl. 1W±, *6»C»* so 
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L<lt 1 . 2JW±) o 

[0 0 6 4] CO««E8«tflcT?{±, ±mmi<D-MMB 

m(DMmzmm*tm®ic, im&rwti 3 * <ttf«tt 

«4cD^ B 3 B ElRltt?:(nl±?-i*, ei«S73tt^iS46Sci: 
[0 0 6 5] 0 6 ti, *fg0^OfiKMIB8«f*«^ 3 £011 

■ Mffs £1 mmm 1 4 a aa±»«) , » 2m^m 

1 4 b, $3fiBttlli 1 4 c (JITWffl) *WU « 1 
«fctfS2»fflil 14a, 14 bRUtcS* 1 (D^HM 1 4 d 

Awe>n, S2*j«fctf£3«tt!ti 4 b, 14 cbbk; 

©fcSfcS. Slfci^L£3<D«tt«tl 4 a, 14 b, 
1 4 c»Ct±, ±3zE<£>B&fflS4 a, 4 bOttfifcLTfiUS 
Lfc«tttf»*fflV^«{:i:*^#«o Slffltil 4 a 
CDfS^ftH c Hi, 2 0 0 0 (Oe)«l (»S L < tt 
3 00 0 (Oe) LX±) flSflfctj 
H c 1 tf±.mffim?tiWlT&5 £<DM&m l 4aO^ 

T3 0 Illttll 4 aOfiSWjHc 1 tt, ^2*5«tt>* 
S?3S£'I4K 1 4 b, 1 4 c^SSftH c 2, He 3i9 

1 4 aimmmm&jzz^tfflmtteZo 

[006 6]Slft^LS3HtI14a, 14b, 1 

*) , JzZ?€til£ £<Dm<DM{tt}mi: tfrr,;^ xmtu 

^ts<fe^n*' ! fe?.„ £<Dtztb, mimwmi 4 a off 

?lil~40nm (»SL<(i5~30nra) ft%><D 
A'jfflTf*?), ^2*3«kt>*m3JK'l4Kl 4 b, 14 c© 
J¥£til~2 Onm (5f$L<{± 1~ 1 0 nm) 3 
©jbWigT'&So m 1 fe<fct?m2^K 1 4 d , 1 4 e 

(Dttms&VBzu., ±a?<Dfpp B iM4 c tmmtr&c 

[0 0 6 7] COH«HgjK©««E»«fl:Tfcl:, 

Ti&m 3 tfiattB 1 4 <D^-?tifr-jj$rcimJ5ti\ a 

B 1 4 fi, aS1±IJM 14a, 14b, 14c, tpm 1 4 
d, 1 4 e (D-r^-OCfc^T, Stt WS^SAt^ L fc 

tttt^ B B 3 SA , ifflf4 ffl-t 5 C i: t T # S. 

Wfc, -r^ro^ttK omm 1 4 a , 1 4 b , 1 4 

c) £\ *S B B B )eAW4Lfc^3gi:-r3©AW$LV> 0 
[0 0 6 8] *^jfi»M50«»IBfS«*l?{±. St^fiK 
^*^A#V^ 1 ^ttfll 1 4 a tc*f U cfPaJP 14d^ 
bT«S5^-«»2«ttfl!Sl 4 bOS3fi«Ktt|s£^SS^A^ 

T, £<D££*m7&&mi'TmMT Zo 07ti, 
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cD{M«iHS«f*T'«, ®±jwjj«±§i csg i atttH i 

4 a) /-cttT-%< , fficOB&ttffil (8 2:|8J:tfS3«tt§t 
14 b, 14 c) ^fcl/^TtfigiJlCfflSfbK^e^^fc 

^ft*^, 0 7 (a) Ktf,?£.7K, ftffifltfft 

btDSSfbSfiSPR 2 Wg|5il«Hi:^kMA^^"ntIE 
"PfcS£lftlSfcfcS«><D) Sg3f&tt§il 4ccQ& 

fbsesPR 3 m 1 atttis 1 4 a ©«{b£*sffl5R 1 1 10 

R 1 fc&V^-CU* i*ffi«igH©M'>£#oT'Jva?<:8:S 

t&Lfcmmmm i^-a—^-zn ©-au**-rt,<o-e 

[0 0 6 9] C©«*KS«tf*fc43^TH\ *WB«*H 

m\ *-r«{tstea5R 2 tcttv-rg 2 $te§i ub© 20 
M<tJ5fa&mzL. m.mkzK&ttz.'gzM.vmi 4 b 

&Zk, fittfk&fiffiR 3fc:fevr£3«ttBtl 4 c©« 
ft^Tfil*»SKL, ««A3fc43tj-*S3ait«l 4 
Kfk#iRitifWfiRii:fc.5. *&tetta«*H*«iJ>S-e 
M<tfi.m$SR 1 tcfc^T^ 1 SMttSi 1 4 aOBfl: 

7?(Rli:%So CCT\ HSttJll 4£{*<DffiB£ftH cli> 
St««*3b<*frv^ 1 fiKttM 1 4 aOfifflBtfjH c KC 

a^fitojftwffi^ k- * £ & s ^st« h *umt> h c 

lfcfS. «fkKE»R 2ttifi<DJ!IBfl*fi Cr*1—J\, 
-T) M R 2 ©fl^Otettffi***-* fcfcSttSHK* 
#Hc2A, Hc2B<kU cn^Hc2A> H c 2BO- s pi£jfB 
*SSHKffil6^«fSlHbias2i:-r*o 3;fcHc2AiHbia 

ctc^-TflMK^tt-ea, 17 (b) fc^-f 

ig2®eflgi 4 bowtsKajR 2te*it5Hjsft« 

^*SK3!llBttlg^«f?Hbias2tt, IS 2 «14«CD{£& 4o 
7jHc2J:»)t>**t\, C<Dfctb, Kv^«paE»H*in 
*T 3 0c7Dfigtt^(DeSft^ffi]^^TiE*rB]i: LfcttSlfr 

±TtcR&iTSf8ft§i 14 a. 14c i:©E3jHK«i*S3- 

Sttag^fc^SB^tiifcVT, MM*±, $ttJP?i 4 CD 
«ft:%, HSttffi? 14a, 14b, 14c (Ommitfr 
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cnfC^L, RS«ft|g^W!*Hbias2jbtffi»tfjH c 2 J: 
bC0SS{k7?[fi]A' 5 S$E^'r, S£WfcH3V»T, SSttJf 1 4 

^fto«fb*<«iip^r s c t it % <o , ;j xftvt^ftmm 
[0070] *MMBm<Dffi.%mmmfr-z*i*. m^&m 1 

4#, MSI &l/->LfS3<D{K14Ml 4 a, 14 b, 14c 

t, c tizvmicm fztLtcWi i ts^um 2 (otpnam 1 

4 d, 1 4 e £*%?%><DT\ IttW2TSiS^ 1 
<Oflfli»»oa*EaKft: (0 1 ) KJ:fc^, figttB 1 4 

rtM4£|p]±£-e, frolttll 4 a rt<O!&{k#lR]C0Sl 

fEtiaStt-cHi, attJBi: cntc«»f «4>H«i:*^a 
-5«fB«ji*2 0*-rs C8HM1 4 bt«l 4 d 

i <D«*#igi:, attn 1 4 c t$mm 1 4 

eA>C»^^^2CD»JISii^W-r5) *V *ftB8lCt3^ 
T, aS14IB«, «ttJjHi:, cntB»t«*IB«i:frb 

[0 0 7 1 ] H8li, *|gH^C0ffiaiB««f*O^ 4 CD^ 

m^mmztm^.m 1 4 top^tc mm&fm 1 5 

A^^P.tlTV>-5o IN«tt(t>l«« 1 5 tcti, h c p«jg 

mi5lCl*. CoCrl^»5Mff$U>. $ 
fcCoCrfcPt, Ta, ZrNb, Cu, Re, N 
i, Mn, Ge, Si, 0, N, 33 <£t> <D o 1 SJ^ 

R5<-fc46, 2 0 n mWT (»S b< U 1 0 n mJWT) i: 
atttflHWi l 5«r^tSci:tcioT, ttttJI l 4 OBB 

[0072] ^faMtf rail 1 5 «, ii~i3 tc^-rie 
[rip^S2, ^ttttTKM 3 , m&mAtmmc e« 

12, IN«ttT«!*3, ^tt«4C0tt«^ B ^i<k(W[1t 
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[o o 73] ms it. *wmmmmm&<Dm 5 com 
mBM**t*><oT\ £ciz7rs?mmmm#-?it. be 
ftsis« 2 ^#^'i4T±tfi« 3 1 comic, m 2 1 6 

it, 3mttT®m 3 & itfsgtt/i a ictsif^^^ 

[0 0 7 4] Sg2TH!2Jf 1 6tt, mi~m3lC7n?mfa 

mm® 2, «ttTW3, ®ttg4i:»c N at*^ 

2, »I4T%^3, S3ttil4 0Stt^|g B B B ^i:(W|«i: 

S«ig^#-T§^2TJtiSl 6%&®?%icit, iHfpjfl 
US 2, IW(4TiteB3. fKttJl4^jfMt--&73ffii:^ 

m<Dysm*mm-?%cbttT-%z, 0 ctiic^-^r. ma 

CO 0 7 5]^BI 1 Ott, *#P£<D«»§eii«{*cD|g6<0 

^»«^-r & <dt\ c c ^?mmmm<*z°it, 
imamm i tmfammm 2 tcomic ^.ma^]±m i 

2©iH(pitt^iiM-r5^i:fctc, mfammm2<DMmm 

fr<E>cDmMZM<~tclb(D<t>cDT\ ttUtLTlt, 0J*Hf 
Cr, Mo, Nb, V N Re, Zr, T iOHl 

CrMo^, CrTil CrVf, CrW 

£ tc it 7 y y xmm*% t % ttm*m ^ s c t & 
T*t£ 0 b 2mmzii?z,ttnt Lrit, niaii 

(N i 5 0 A l % CoAl^(Co50Al& 

£), F e A l £ (F e 5 0 A l ) %£(D&&ttmif% 

it. CuZrl, T i C u3K, NbNi^ Ni 
t*^Mfflt^Lt^T't«o E(6]tt(p]±«l 7cQ# 
^SL^XftMtLKi, NiAK FeAK C 
oAK CoZr, CoCrZr, $5£VC oC r CO 
? I ^-fn*>>££j£# i: t £ & (DZmifZ C i: # T* # 

EfpJ'l4(qJ±e l 7<DH?«, 2 0 0 nm«T< 0U* 
fcfc* 5~2 0 Onmi:no« C<T)i|t^^2 0 

o n mzt&z. % tmam 4 nm%^a^?m^m^ 
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-tJii 7^K^^ci:fcj;oT, iafRiiMM« 2 mm® 

M\ 4 0^ B 1,ffifttt£ft±£-^ Ittn 4©«^ 
CO 0 7 7] gjfc, *fgB^Ti±, WTtc^-r-Scka 

i&±v : Wi2cDm\inmmm2 c , 2d^is^p,nT^§ 

^T0 4^^5S^|e^{*,l:^^§ o ffiftMi£®2 

_co 0 7 8] £ttmw(DMmEMm»z<tt. uT\m 
mam 1 4 tt«^ B B a fe*t*s*fajfc 

m 1 4 0^ B iiE(n]tt^(a]±^^ 1 4 ic&it&m 

&z>mmffi&tt2>ct$>-vzz 0 ccom-gts mamic 

CO 0 7 9] m 1 3«, ±fS^M!2li^^ffl^/c^M 

^s*^B(±, ±is^<Dfig«iais^*7i:, mmm 

7icmn&mmn£T%mm.^>y K9 1. h-mwistt 
1 ot, imm±m%mmi 1 t*iAT^4„ iss 

B^fi ^sai! l r f-*- ^ ^aj^j-r 5 c h a^t # ^ «t 5 

CO 0 8 0] COSS^IEIiS^BtcSoTti, {S^fH 

-\y-h. s^x&aftb<T)micLm'&ttfo±-$-eztt 
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B3 figjiitt^oiftaiB-efesx/^vif'j^y*- 

llffi3 3ai. MtinKK3 3 a ©IfflnaSF'jfcER 

[0082] mm®. 3 3 Us mmmw. 33b 
nwmm&3 3 aortg«tt)t./h*<**<k^K:}erii« 
n, ^f.a«3 3 a<D\Hfflmtmmmm3 3b^ 

h 3 4^ffM^nTI/^ 0 MIIM3 3 aOrtikfj 10 

iiii3 3 bo^sti. ttwsnfcjaflae^ft^att 

-7 5° t&Z&oK) ISSnTl^. 
[0 0 8 3] C07^-y^il3 1 ^fflVTRlcOlIgjl 

2%^fiSc-r^^c{±, x/^-v^u^y^-y-y h3 2^ 
6*Rttj*nrricii8i[?iijfi^u 7h3 4^aiSbfcfi!tK 

it 10-7 5° t * Si o IC im&&& 1 <0*BB 1 ate 

[0084] *fc*awT?»±. KfiiaMMfcj&afrrsS' 

#x:7D— x^«y£j£, -r*>tr-Aj£2:£r 

Tit. mzLaxitommtLT. mnm±m>mtt}H 

c (CfliLT, mfjfa<D{%ffi.tlH c c iS?3fq]<DfS^H 30 
c r tOtkH c c/H c f *ftWltCtliC 

2lttll 4 b<D«fi£/}H c2) fcULT, JiTaftOfS 
[0 0 8 5] 

(SMHBIl) DCvni-n^^y^i (7*;W<5 
a«3 0 1 0) *ffll/^X/Vy*jSfefC«tt>T, ?IM8tt£ 40 

(7t^7rXA7X, 116 5mm, 1^0. 6 3 
5mm) lit, 50Ni50Al (50at%Ni-5 
0 a t %A 1 ) *>P.&SgE[R]ttJp]±e, 9 4 C r 6M0 

(9 4 a t%C r-6 a t %Mo) A^*-5^{SttT% 
S (PS lOnm), 60Co40Cr (60at%C 
o-4 0 a I %C r) fre>&S3E8£ttf F^H (PS 2 n 
m) , 64Co22Crl0Pt4B (64at%Co 
- 2 2 a t % C r - 1 0 a t % P t - 4 a t % B) frS 
(PS 1 8nm) , *-#>^5*S«BMi 

(IS6nm) ^rffMLfeo -y t? V^ffitc: so 



jaBSOKfctt. X/^y *£H<0*-+ y^F^KSSSJilfif 
2 x 1 0-6 P a tSSlTSELft, *fc#«tt»Rl 
«2 0 0°CCCiP#aLfc o X/^y^yjTXt LTtiT^l/rfV 

[0 0 8 6] (Kfcffil 2 ) KttJl*, 6 4 C o 2 2 C r 
1 OP t 4 BfrG&SiSlffittHi (PS 1 8 nm) 
84Col2Cr4T a^e.**S2*i«kt;^3«ttffll 

(PS 2. 5nm) k, Cft5BM4i!IHfcKW'SnfcR 
u*>F.i5:^l *5£Zfm2'Pmm (PSO. 8nm)i: 

[00 8 7] (Umm3) N i A 1 fr£&£gEfr14|pJ± 
»*Sttf\ #«ttS« fc *«ttT«Ui k © BBK C r 
e>£SSg2Tit!lJi (PS 1 Onm) *»ltT««fE«« 

[0 0 8 8] (t£g&0O4) 7 0 C r 3 0Nbfr5>43E 

mmm (ps 2 0 nm) *jb«lt«*we«***^ 

1 filcllltt? OttiM2 6<0*«ttSS 1 -\<DJSU 

«2 7**\ (S^IHKttSS l ©?l#i6ifc:ia</\ fro#8& 
ttSffinc?ti-?.AI^*AM o~7 5° 

fig«fe?©73iRi*^Lfc 0 &tzmfam&®<D&i&ic& 

tc-oXlt. X/Sy£;tfxi:LT, 2 5vo 1 %©SfH£r 

[00 8 9] (KSfcffl 5 ~ 7 ) 09 fcj^f 
^©.fc^tCLTftSLfCo DC7^hDyx/?7? 

(7*^^t»3 0 1 0) *ffl^fcX/<y^ffifc«J: 
rpT, ?BK1£££l (7 : E^77X^7X V jl:tl6 5m 
m, PS 0. 6 3 5 mm) ±tC, 7 0 C r 3 0 N bfr<=> 
*5BBlRlliS@2 (PS 2 Onm) , CrA^^ci.^2 
"FH&Jl 1 6 (PS IOnm) , 9 4 C r 61^0*^45 
^fiSttTtfie 3 (PS IOnm), 60Co4 0Cr*> 
6*«IWttt4»IHI»l 5 (PS2nm) , I'ttiH, 
*-tty*^45fflii5 (PS6nm) 4MLfto 

v\Z-s>?mK 7Mni- r;U*^ 
5.^SPjfB6^^Lfco »I4«1 4tt, S14^L 
^3lttll 4a, 14b, 14c (SJtttnfni 
8nm, 2. 5 n m, 2. 5 n m) ctl^fllttlH 
icmfZtlfcm 1 *J«J:a : S2HJW« l 4 d. He (P 
SO. 8nm) k*#-TS#|ifikLfco SlfiBMtBIl 4 
atCt±6 4Co22CrlOPt4 B*ffll\ ^2*5 J: 
Cf'^ 3 ffi&m 14b, 14c(Cli84Col2Cr4T 
a«rfflV\ "fH^ 1 4 d, 1 4 e tc ii R u Zm^tzo SB 
l4HBll2«)SAr«IRK:(d:« X^7^S2 l 

</\ Hitffli8[?o«iia 2 6<o$m&m& 1 ^otft»«8 2 7 
mmmi±&m 1 <og*i^k:}e»/\ *»o#«Hta« 
1 tcwrsAWftSjbw o~7 5 0 t*z£via&mm 
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Tf±, X^Vy^fXtLT, 2 5 v o 1 %cDigSft*T;l/ 

[0 0 9 0] m&mS) 6B14J14*, mifcit>^2 
$14114 a, 4 b (S?B?nfni8ntn, 2. 5n 

m) t, ctizvmicftte-tzfprmi c (s^o. 8 

nm) £*W^3P/^LT$«fHgiMSte*ftSLfco 
m 1 $14)14 atli64Co22CrlOPt4 B*ffi 
V\ S 28314114 MCI±8 4Col2Cr4Ta%ffl 

[oo9i] (msi^J9~i 3) m 8 tc^-f$*ifiii& 

7X, Ig6 5mm, f?0. 6 3 5ram) 7 0 

C r 3 0Nbjb>5ft£E|cail&Ji2 (SJ20nm) , 
8 5 C r 1 5Mofr££52NB14Ti&ji3 (I?10n 
m), 60Co40Cr 5*-5#«te4>KIJB 1 5 (JP 
£2nm) , $14/1 1 4, #-sK>fr5ft*«Wi5 
OPS 6 n m) , fflftff 6 *Jgjff Lfc 0 Eftfi&g 2 * 
JB»«-r*l»Ktt, X^-y*l£@2 1 *ffll/\ fSffiS^cQ 20 
flit 2 6 OlftttttStS 1 ^<OS»*g 2 7 , IStflHtttt 

s« i <omj5foicm\ frum&mw. 1 cstiA* 
o~7 5° ttez*5iciiixm. : ¥-<Djsm&i&fe 

Lfco *fcEfa8WM2<0^fiiac*fcoTtt, X/W* 
#Xi: LT» 2 5 v o 1 %©Sm*7;l/d r >'fcj3s;!i[]Lfc 

m&#x*m^tto zomv&mmmm 5-7 tip u 

fco 

[0 0 9 2] Umm l~13 OttftEflMfl^llMtfttt 

it*, M®>jmfm&miz&m (vsm) *ffl^Tai3£ 

Lfc. «tt»#fltOffl*Iql<0fi8«*H c c t¥mi5fa<D 30 
f£$*/H c r<0Jt (H c c /H c r ). *«!£ L«5(R2r 
ttOiStl/ft. $fc, KK0(I9~1 3lco^TH\ S 

KitM§*mau cft*E^TS2«te«i 4 b©«« 

;ftH c2fe£tf;£&$14iigl&$f?Hbias2**i6fco £fc 
««ffi««Mt*x Guz i kaHU-K5'f 
fRWA 1 6 3 2, fcitfXkf^X*;/ FS 1 7 0 1 M 
P*ffl^T«l£Lfc. «S0ESM#tt©»fflife:tt, S£S[5 
Kg*$3tfgSx (G MR) «?«WT«IKdS!iWRfllA 
15^^ F*fflV\ Sa»*fl=*«IB»a5fi6 0 0 k F C 
I tLTfflJje*fT-afc„ JJMB&tWtt (f&M$) KO^ 40 
Ttt. XfcfVX^KS 1 7 0 1 MP*JSl/\ 7 0rtC 
*J<^TK!»fflfi3 0 0 k F C I T«Dm^ii'>*iySb 

««IH««f*:<0#N«ttTftMi t $14«tD£Efi*j&Si§ B E IK 
ftffi*#5£Lfc 0 «&&ft&J:tffiMfegi&*$ l fti/^L 
S 4 tc^^" 0 

[0 0 9 3] (sSgfcfflJ 1 4 ) #Bt1£S« 1 ±fc, N i A 
1 Eft14(i<J±Ji 1 7, 9 4Cr6Mo*^iii 

#$14T%J1 3, 60Co40Cr A^6.**^iK1*«t»M 
Hi 5, $14® 1 4, *-^>frt,4§ffiIl5, fflW so 
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»6*}gfi!tLT««Ea«t**flFllLfco ^OftbO^ff 
UKKfiW9~ 1 3JC*PUfc„ 

[0 0 9 4] (tig&fl&J 1 5) N i Pfrlo&SElRltelRLh 
Hi 7*RW\ C(DE[nl14[P]±]g 1 7^ffi(Cig|^[p)tC}tt 
5-r?X^-rJini*fiSU fO±l;Cr^P,%5S2T 
H16, 60Co4 0CrfrP.^§«tt«il 
5, $14Bl 4, A-t;^^^§§li5, S?fJ16 
*S/£LT$MIES«{**ftlSLfco *<Dflfi<D*#ttK 
KM 1 4tcSpCfc 0 

[0095] (fflmm 16)010 icTntmmmm* 

ZX(D£v IC LTftBLfco #f«ttS« 1 ±(c C o 3 0 
C r 1 0 Z r3b^6*5ElRlttlfil±» 1 7 *»tt, ^<D± 
tCC r 2 5 Vfrf.55iaiS]lIl2, Crfre>&£3S2 
•TttJHl6, 9 4 C r 6 M o e>&33E$14T*l!!Jf 3 , 
6 0 C o 4 0 C r fr5ft*2NKte4i[BIJi 1 5 . $14« 1 
4, *-t:>A^ftSSIl5> iHrf/f 6*ffMLT$ 

X/W*gB2 l*fflV\ ^M^?cO«Ij12 6 01^ 

$i4Sffi i 'xoSKi 2 7 # , ai^atttxfi i nm* 
75° i:ftsj:3»cfigisa?o*iRi*aa3eLfc. £fcE 

[pjlli 2 (D&mt&rz r> Tti. X; W * #X i: LT, 
2 5 v o 1 %£OS**T;Ud ? VtC}^iDL/cjl^X*ffl 

i^fco ^©flfio^frtitajiW i 4tc*i;fco 

[0 0 9 6] (Klftfflll 7) S«l tLT7;H-^i, 
B-^SffiaStcN i P Lfc fc© (N i P 

T;U5»ffi) *fflV\ COSil±(CCrfrP.4^2 
Tttil 6, 9 4 C r 6Mo*>e.ft5^Sat14TlfeJl3, 
6 0 C o 4 0 C r &4-53NKte(Flffl« 1 5, $14H 1 
4, *-^>*^6*S«aB5, a»*6*«fiRLTflBl 
SUE»*fl:*f^«bfc. ^OflSOftffttHKfiW 1 4tC*P 

[0097] (ia^j 1 8) sffi i *ffi»cH*ieiK»5 

x^X^-^)!jDX*fi6-rc i:Wn«M^J 1 7 i:[S|«t{cL 
T$^Eil«f**ftS L/co 

[0 0 9 8] 9) ££l tLTZ^l/^-^L 

^e.^5t©*ffl^-l.cii:J^?1.£iIS^iJ l 6 i:|Wl«tcL 
T«*E»«ft*f^HLfc. 

[0 0 9 9] (WKffj2 0) «ttJB*s 64Co2 2C 
r 1 0 P t 4 BfrP>&.5&<D 1 8 n m) £t%>C 

tiwmmm 1 8 ki^*fc:LT«saE»««c*^HL 

[0100] MMI 14-20 cO$^EiS«fr<Dil$M 
fftt*, fi«I^$M#'l4ffl^gB (VSM) *fflV^Tffl 
^Lfco £fc«1t»£{*<DH£fa©fi!«2jH c c 
*[6jOffi$^lHc rOtfc (He c/H c r) *«ij^b$ 
aSSttOjlltlfc, $fc«8^8S#14*> Guz i 
k|iI'J-K7'l'h7t7-1'fRWA 1 6 3 2, fciO 1 
XtfVX^VFS 1 7 0 1 MP*ffli/NTfRiJ^Lfc 0 «$ 
SS*«f1±<0Wfl»i:«\ S^SPtCg7^$*Sfit (G MR) 
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fr*itmi&&lM. 6 OOkFCIt LZmfeZir^fCo C 
(Dm, 1 IE^h7-y^^5 1 2-b^^-tc^fijL, Ctl 

(LFTAA) fcitf S NROfcf&Ot^tl^/'Co TO 

[0 1 0 1 ] (gai^J 2 1 ) #f£ttSS? 1 OgHfttf^ 10 
X, tt@6 5 mm, JP£ 0. 6 3 5 mm) ±fc, 4 5N 

1 5 5NbfrP>&38E|6]III&i2 (f?2 0nm) , C 
r fr?>&3gl2Ttt!l/l 1 6 OPS lOnm), 8 0 C r 

2 0 Vfr£&32N81±Tt(il/l3 (ffSlOnm), 6 0 
C o 4 0 C r SfcaiRKtWIHWi 1 5 (JP£ 2 n 

m) , 66Co21Cr9Pt4 B 5 5Kf£JS (JP 
?17nm) . *-#yfrP.45SIg5 (JP? 6 n 
m) , a»»6*»jSLT«ft8a»«tf**ff«Lfco E 
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